INTRODUCTION
Flexible structures usually have low flexible rigidity and small material damping ratio. A little excitation may lead to destructive large amplitude vibration and long vibration decay time. These can result in fatigue, instability and poor operation of the structures. Vibration control of flexible structures is an important issue in many engineering applications, especially for the precise operation performances in aerospace systems, satellites, flexible manipulators, etc [1, 2] .
Advances in smart materials have produced smaller and effective actuators and sensors with high integrity in structures.
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Smart material systems offer great possibilities in terms of providing novel and economical solutions to engineering problems since they offer potential technological advantages over traditional ones. Smart materials such as piezoelectric materials, shape memory alloys (SMA) and magneto-and electro-rheological fluids have been used in diverse areas. Varieties of actuators are developed from smart materials but the more promising are the ones based on piezoelectric effect of some ceramic materials and secondly the shape memory effect of metallic alloys. Nitinol is the most widely used shape memory alloy due to its superior properties that are suitable for actuation. The significant advantages of SMA wires in comparison to that of laminated piezoelectric actuator are the relatively low voltage to generate a displacement, larger recovery force generated per unit volume by phase transformation, small size, high output excitation actuation for vibration control, its large displacement, the complete recovery deformation, high stiffness and electrical heating. SMA wires have the property of shortening when heated and thus are able to apply forces. This phenomenon called the Shape Memory Effect (SME) occurs when the material is heated above a certain transition temperature changing its crystalline phase from martensite to austenite. A typical method to trigger the transformations in SMA includes Joule heating for martensite to austenite transition and air convection cooling for the reverse transition. One of its characteristic being small bandwidth makes it suitable for low frequency vibration control application [3 -6] .
The efficiency of a shape memory actuator depends on the accuracy of its controls, which in turn depends on the mathematical model of the SMA. In structural control applications the SMA wire linear actuators can be incorporated internal or externally to the structure. However, external actuators have better control authority since the actuator can be placed at different offset distances from the structure. The distinctive feature of smart structures is that the actuators and sensors are often distributed‚ and have a high degree of integration with the structure‚ modeling is thus challenging. The dynamics of SMA actuated structures are modeled by using the finite element method and through system identification [7, 8] . The model integrates the structural dynamics with the dynamic characteristics of the SMA and the controller. Standard P, PI, ON-OFF controllers have been used to control the first mode of vibration of the flexible beam.
LabVIEW is highly suitable for virtual instrumentation as very useful user interface can be designed. Using LabVIEW one can create test and measurement, data acquisition, instrument control, data logging, measurement analysis and report generation applications and can also create stand-alone executables and shared libraries like DLLs, because LabVIEW is a true 32-bit compiler. LabVIEW programs are called virtual instruments (VIs). VIs contain three main components -the front panel, the block diagram and the icon and connector pane. LabVIEW provides a good platform for controller design and implementation as it has exclusive toolkits for control applications and provides an efficient way to design user interfaces for such applications. LabVIEW 8.6 and its toolkits for control applications like PID control toolkit and control design and simulation toolkit have been used for computer simulation and for implementation of the designed controller in real time [9] . Data acquisition (DAQ) card PCI 6024E and corresponding device driver are used to interface the given cantilever beam structure with LabVIEW. Standard P, PI, ON-OFF controllers have been used to control the first mode of vibration of the flexible beam. P and PI controllers have been implemented using LabVIEW PID control tool kit. All the PID control VIs are reentrant. Multiple calls from high-level VIs use separate and distinct data.
The organization of this paper is as follows: in section 2, the experimental set up of the smart structure employed for identification and control is described. The system models are given in 
II. THE EXPERIMENTAL SYSTEM
In order to verify the effectiveness of vibration control strategies, the experimental setup shown in Figure 1 (a) is designed and built. The setup consists of the following three main parts: i) the beam under test with the PZT elements bonded to its surface and externally connected SMA wire actuators and, the fixture ii) the instrumentation setup -a charge amplifier and a voltage amplifier for the PZT sensor and disturbance actuator, current amplifiers for the SMA wire actuators and the data acquisition board iii) the software interface -the visuals and the control algorithm to process the measured signal and issue the appropriate control signal.
A clamped-free aluminum beam fixed vertically along its width is considered in this work. Two collocated piezoceramic patches are surface bonded at a distance of 8 mm from the fixed end; the beam is excited using one piezoceramic patch and the response is sensed using another.
Symmetrically mounted antagonistic pair of SMA (NiTiNOL) wires is attached externally to the beam on both sides to function as control actuators. The dimensions and material properties of
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the beam, piezoceramic patches and NiTiNOL wires are listed in Table 1, Table 2 and Table 3 respectively. PZT (Lead Zirconate Titanate) of type SP-5H which is equivalent to NAVY TYPE VI, the product from Sparkler Ceramics Pvt. Ltd. India are used as the sensor and disturbance actuator. Nitinol wires under the trade name Flexinol® procured from Dynalloy Inc., USA are designed and used as control actuators. Flexinol is a binary alloy (Ni-Ti: 50.5-49.5%) with a oneway shape memory effect. The arrangement of Nitinol wire actuators is shown in Figure 1 The excitation signal to the disturbance actuator is applied using an arbitrary waveform generator (Agilent 33220A). The sensor output signal is conditioned using a piezo sensing system and is given to the analog input channel of the PCI 6024E DAQ card through SCB 68 connector. The inputs and outputs from the cantilever system are connected to the DAQ card using the SCB 68
connector. The input signal is received by the DAQ card and it is sent to the running LabVIEW and (b). The SMA wires are too thin (0.1 mm diameter) to be visible in the photograph in Figure   2 (a). structure dynamics are estimated using online identification method, since it is proven to be more universal and feasible than analytical and numerical models for the present system. In addition, the RLS method based on Auto-Regressive (ARX) model is used for linear system identification, which is easy to implement and has fast parameter convergence.
The ARX model for the system shown in figure 1 is given as,
where 1 u (k) and 2 u (k) are the input signals, y(k) is the piezo sensor output, e(k) is the disturbance input and n a , b1 n , b2 n and n e determine the model order.
The natural frequency of the structure is measured experimentally as 2.355 Hz. The first mode frequency of the structure is measured by sweeping the excitation signal frequency applied to disturbance actuator from zero until the resonance is observed. To identify the parameters online, - 
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